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࠙⫼ᬒ࣭┠ⓗࠚ㝖⚄⤒࡟ࡼࡿ୙ື࡛㸪㦵᱁➽ⴎ⦰㸪➽ẟ⣽⾑
⟶ᩘࡢῶᑡ࡞ࡽࡧ࡟⾑⟶ෆ⭍ࡢᵓ㐀ⓗኚ໬ࡀᘬࡁ㉳ࡇࡉࢀࡿ
࡜ሗ࿌ࡉࢀ࡚࠸ࡿ(Holloszy, 1984, Borisov, 2000)㸬୍᪉㸪㦵᱁
➽ࡢ཰⦰㸪≉࡟ᣢ⥆ⓗ࡞➽཰⦰࡟ࡼࡾ➽ẟ⣽⾑⟶ࡢᩘ࡜ᐦᗘ
ࡣቑຍࡍࡿ(Honig,1980)㸬➽཰⦰ࡣ㝶ពⓗ࡟⾜࠺ࡔࡅ࡛࡞ࡃ㸪
㟁Ẽ่⃭࡛ࡶㄏⓎࡍࡿࡇ࡜ࡀྍ⬟࡛࠶ࡾ㸪ᣢ⥆ⓗ㟁Ẽ่⃭࡟
ࡼࡾ⾑⟶ෆ⓶ቑṪᅉᏊVEGFࡢⓎ⌧ࡀಁ㐍ࡉࢀࡿሗ࿌ࡶぢࡽ
ࢀࡿ(㛗ᆏ, 2002)㸬㝶ពⓗ࡟➽཰⦰ࢆ⾜࠺ࡇ࡜ࡀᅔ㞴࡞ࢣ࣮ࢫ
࡟࠾࠸࡚ࡣ㸪➽㟁Ẽ่⃭ฎ᪉ࡣࡑࢀࢆច㉳ࡍࡿ᭷ຠ࡞ᡭẁ࡛
࠶ࡿࡀ㸪ຠᯝࢆᚓࡿࡓࡵ࡟ࡣẚ㍑ⓗ㧗ᙉᗘࡢ่⃭࡛ᐇ᪋ࡉࢀ
ࡿࢣ࣮ࢫࡀᩓぢࡉࢀ㸪ࡇࢀࡀฎ᪉᫬ࡢ⑊③ࡸ୙ᛌឤࢆᣍࡃྍ
⬟ᛶࡀ࠶ࡿ㸬ప㢖ᗘ㟁Ẽ่⃭㸦ప཰⦰ᙇຊⓎ᥹㸧࡛ࡣࡇࢀࡽ
ࡣ㍍ῶ࡛ࡁࡿࡀ㸪➽ẟ⣽⾑⟶ࡢᙧែ࡟ཬࡰࡍᙳ㡪࡟ࡘ࠸࡚ࡣ
᫂ࡽ࠿࡟ࡉࢀ࡚࠾ࡽࡎ㸪୙ື࡟ࡼࡿⴎ⦰➽࡬ࡢప㢖ᗘ㟁Ẽ่
⃭ࡢຠᯝ࡟ࡘ࠸࡚ࡣࡉࡽ࡟୙᫂࡞Ⅼࡀከ࠸㸬ࡑࡇ࡛ᮏ◊✲࡛
ࡣ㸪୙ືึᮇࡢୗ⫥㦵᱁➽࡟ᑐࡋ࡚ప㢖ᗘ㟁Ẽ่⃭࡟ࡼࡿ➽
཰⦰ࢆㄏⓎࡋ㸪➽ẟ⣽⾑⟶ࡢᙧែ࡟ཬࡰࡍᙳ㡪ࢆ᳨ウࡋࡓ㸬 
 
࠙᪉ἲ 7ࠚ㐌㱋 Fischer344⣔㞝ᛶࣛࢵࢺ 13༉ࢆᑐ㇟࡟㸪ᕥᆘ
㦵⚄⤒ࡢ෾⤖ᦆയ࡟ࡼࡿ㝖⚄⤒ࡢࡳࢆ⾜ࡗࡓ⩌㸦NF⩌㸪n=4㸪
140s3g㸧㸪㝖⚄⤒ᚋ࡟㟁Ẽ่⃭ฎ⨨ࢆ⾜ࡗࡓ⩌㸦NF-ES ⩌㸪
n=4㸪137s9g㸧ཬࡧ age-matched control⩌㸦Cont⩌㸪n=5㸪138
s10g㸧ࢆタࡅࡓ㸬NF-ES ⩌ࡣ࢖ࢯࣇࣝࣛࣥ㯞㓉ୗ࡛㸪ฎ⨨
ഃࡢୗ⭣๓㠃࡬ࡢ⤒⓶ⓗ㟁Ẽ่⃭㸦10Hz, 16mA, 30ศ/᪥㸪6
᪥/㐌㸧ࢆ 1㐌㛫ᐇ᪋ࡋࡓ㸬 NF⩌ࡣ ES⩌࡜ྠࡌ᫬㛫ཬࡧᮇ
㛫࢖ࢯࣇࣝࣛࣥ㯞㓉ࡢࡳࢆ⾜ࡗࡓ㸬ESฎ᪉⤊஢ᚋ㸪๓⬯㦵➽
ࢆ᥇ྲྀࡋ࡚ࢢࣝࢱ࣮ࣝ࢔ࣝࢹࣄࢻ࡜ࣃ࣒ࣛ࣍ࣝ࢔ࣝࢹࣄࢻࡢ
ΰྜᅛᐃᾮ࡛ᅛᐃᚋࣃࣛࣇ࢕ࣥໟᇙࣈࣟࢵࢡࢆసᡂࡋࡓ㸬⁥
㉮࣑ࢡࣟࢺ࣮࣒࡛ 5μmࡢⷧษษ∦ࢆసᡂࡋ㸪⬺ࣃࣛࣇ࢕ࣥᚋ
࡟H-Eཬࡧࢺࣝ࢖ࢪࣥࣈ࣮ࣝᰁⰍ㸪ච␿⤌⧊໬Ꮫࢆ᪋ࡋࡓ㸬 
ච␿⤌⧊໬Ꮫࡣ⬺ࣃࣛࣇ࢕ࣥᚋ㸪 0.1Mࣜࣥ㓟⦆⾪ᾮ(PBS)
࡛Ὑίࡋ㸪ᢠཎ㈿ά๣㸦UNI-TRIEVE, Wako㸧࡛ ࢖࣮ࣥ࢟ࣗ࣋
ࢺࡋࡓ㸬PBS࡛Ὑίᚋ㸪1%Triton X-100 ཬࡧ 5% ṇᖖ⾑Ύ㸪
0.1M PBSࡢΰྜᾮࢆ⏝࠸࡚ᐊ ࡛ 1᫬㛫ࣈࣟࢵ࢟ࣥࢢࡋࡓ㸬
୍ḟᢠయ࡜ࡋ࡚㸪ẟ⣽⾑⟶ࢆ㆑ูࡍࡿࡓࡵ࡟࣐࢘ࢫᢠ CD31
ᢠయ㸦BD Pharmingen, 1㸸100㸧ࢆ㸪2.5% ṇᖖ⾑Ύ㸪0.1% Triton 
X-100ࢆྵࡴ PBS࡛ᕼ㔘ࡋ㸪4Υ࡟࡚ 16-20᫬㛫࢖࣮ࣥ࢟ࣗ࣋
ࢺࡋࡓ㸬 PBS࡛Ὑίᚋ㸪஧ḟᢠయ࡜ࡋ࡚Alexa Fluor 488ᶆ㆑
ᢠ࣐࢘ࢫ IgGᢠయ㸦1:500㸧ࢆ㸪2.5%ṇᖖ⾑Ύ㸪1% Triton X-100
ࢆྵࡴ PBS࡛ᕼ㔘ࡋ㸪ᐊ ࡛㐽ගࡋ࡚ 1᫬㛫࢖࣮ࣥ࢟ࣗ࣋ࢺ
ࢆ⾜ࡗࡓ㸬PBS ࡛Ὑίᚋ㸪6-diamidino-2-phenylindole (DAPI)
ࢆྵࡴ࣐࢘ࣥࢺ๣࡛ᑒධࡋࡓ㸬ྛ✀ᰁⰍࢆ⾜ࡗࡓษ∦ࡣ㸪ග
Ꮫཬࡧ⺯ග㢧ᚤ㙾㸦BX-60, Olympus㸧࡟࡚ほᐹࡋ㸪CCD࣓࢝
ࣛ㸦DP72, Olympus㸧ཬࡧ ⏬ീ᧜ᙳゎᯒࢯࣇࢺ(Image-Pro 
Premier, Media Cybernetics)࡟࡚᧜ᙳࡋ㸪๓⬯㦵➽ࡢ➽⥺⥔┤ᚄ
㸦Fiber diameter㸧࡜㠃✚㸦Fiber area㸧㸪➽⥺⥔㛫࡟Ꮡᅾࡍࡿ➽
ẟ⣽⾑⟶┤ᚄ㸦Capillary diameter㸧࡜ࡑࡢ㠃✚㸦Capillary area㸧
ࢆィ ࡋࡓ㸬ᚓࡽࢀࡓẟ⣽⾑⟶ࡢᩘ࠿ࡽ㸪➽⥺⥔ 1ᮏ࠶ࡓࡾ
࡟ᑐࡍࡿẟ⣽⾑⟶ࡢ๭ྜ㸦Capillary to fiber ratio㸹C/F ratio㸧ࢆ
ồࡵࡓ㸬 
ᮏ◊✲ࡣ㸪ࠕື≀ᐇ㦂ࡢ㐺ṇ࡞ᐇ᪋࡟ྥࡅࡓ࢞࢖ࢻࣛ࢖ࣥࠖ
㸦᪥ᮏᏛ⾡఍㆟, 2006㸧ࢆ㑂Ᏺࡋ࡚㸪᪂₲་⒪⚟♴኱Ꮫື≀ᐇ
㦂ጤဨ఍㸪㮵ᒇయ⫱኱Ꮫື≀ᐇ㦂ጤဨ఍ࡢ೔⌮ᑂᰝࡢᢎㄆࢆ
ᚓ࡚ᐇ᪋ࡋࡓ㸬 
 
࠙⤖ᯝࠚFiber areaࡣCont⩌࡜ẚ㍑ࡋ࡚NF⩌ཬࡧNF-ES⩌
࡛ࡣ᭷ព࡟ప್ࢆ♧ࡋࡓ㸬Capillary diameter ࡣ Cont ⩌ཬࡧ
NF-ES⩌࡜ẚ㍑ࡋ࡚NF⩌࡛ࡣ᭷ព࡟ప್ࢆ♧ࡋࡓ㸬C/F ratio
ࡣCont⩌㸪NF-ES⩌࡛NF⩌ࡼࡾࡶ᭷ព࡟㧗್ࢆ♧ࡋࡓ㸬 
 
⾲ 1 ྛ⩌࡟࠾ࡅࡿ➽⥺⥔ᶓ᩿㠃✚㸪➽ẟ⣽⾑⟶┤ᚄ㸪C/F 
ratioࡢ್㸬*P<0.05 vs Cont㸪**P<0.01 vs Cont㸪͊ P<0.05 vs NF㸪
͊͊P<0.01 vs NF㸬 
 
࠙⪃ᐹࠚ⤒⓶ⓗ㟁Ẽ่⃭࡟ࡼࡾ㸪୙ື࡟ࡼࡿ➽⥺⥔ࡢⴎ⦰࡞
ࡽࡧ࡟➽ẟ⣽⾑⟶ࡢ⊃ᑠ໬㸪ᩘࡢῶᑡࢆ⦆࿴ࡉࡏࡿࡇ࡜ࡀ࡛
ࡁࡿ࡜♧၀ࡉࢀࡓ㸬๓⬯㦵➽ࡢ➽ẟ⣽⾑⟶ࡢ⊃ᑠ໬ཬࡧᩘࡢ
ῶᑡࡀ⏕ࡌࡓሙྜ㸪ୗ⭣㒊ࡢ⾑⾜ືែࡣཷയ௨๓࡜ẚ࡭పୗ
ࡋࡸࡍ࠸࡜⪃࠼ࡽࢀࡓ㸬ࡑࡢࡓࡵ㸪పᙉᗘ่⃭࡛ẟ⣽⾑⟶ࡢ
ᵓ㐀ⓗ⥔ᣢࡀྍ⬟࡛࠶ࡗࡓᮏ◊✲ࡢ⤖ᯝࡣ㸪➽ⴎ⦰ࡀ᏶඲࡟
㜵Ṇ࡛ࡁ࡞࠸ሙྜ࡛࠶ࡗ࡚ࡶ㸪➽⾑ὶࡀ࠶ࡿ⛬ᗘ⥔ᣢࡉࢀࡿ
ྍ⬟ᛶࡲࡓࡣ➽௦ㅰࡀ⥔ᣢᨵၿࡉࢀࡿྍ⬟ᛶࡀ᥎ᐹࡉࢀࡓ㸬
௒ᚋ㸪ୗ⫥➽࡟ᗫ⏝ࢆ࿊ࡋࡓᝈ⪅࡟ᑐࡋ㸪ᑐ㇟⤌⧊ࡢ⾑ὶࢆ
⥔ᣢࡍࡿ┠ⓗ࡛⤒⓶ⓗ㟁Ẽ่⃭ࢆ⏝࠸ࡿࡇ࡜ࡢ᭷ຠᛶ୪ࡧ࡟
༴㝤ᛶࢆඹ࡟᳨ドࡋ㸪ࡼࡾࡼ࠸ᐇ⏝໬࡟ྥࡅ࡚ࡢ࢚ࣅࢹࣥࢫ
ᵓ⠏ࡀ࡞ࡉࢀ࡚࠸ࡃࡇ࡜ࡀᚲせ࡜⪃࠼ࡽࢀࡓ㸬  
 
࠙⤖ㄽࠚ୙ືึᮇ࡟࠾࠸࡚㸪➽⥺⥔ᶓ᩿㠃✚㸪ẟ⣽⾑⟶ᚄ㸪
C/F ẚࡀపୗࡍࡿࡀ㸪ప㢖ᗘ㟁Ẽ่⃭ㄏⓎᛶ➽཰⦰࡟ࡼࡾࡇ
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࠙ㅰ㎡ࠚᮏ◊✲ࡢ୍㒊ࡣ㸪⛉Ꮫ◊✲㈝㸦ᇶ┙◊✲(B)㸪(C)㸧
ཬࡧ᪂₲་⒪⚟♴኱Ꮫ◊✲ዡບ㔠࡟ࡼࡾᐇ᪋ࡉࢀࡓ㸬グࡋ࡚
ㅰពࢆ⾲ࡋࡲࡍ㸬 
Cont⩌ NF⩌ NF-ES⩌
Fiber areawP 492.52s141.33†† 289.89s53.24 * 339.03s98.45 *
Capillary diameterwP 3.44s0.75†† 2.54s0.13 ** 3.21s0.29 ††
C/F ratio 0.87s0.40† 0.64s0.25 * 1.19s0.38 ††
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